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Abstract
Heterosis for grain yield is the outcome of several physiological as well as biochemical characters which have
been relatively less investigated though their contribution is certain. Study was taken to assess the hybrid
vigour of two high yielding rice hybrids namely CoRH 2(6.5t/ha) and ADTRH 1(7.0 t/ha) and their parents (IR
58025 A X C 20R; IR 58025 A X IR 66R respectively) in terms of some important physiological parameters such
as chlorophyll content, soluble protein, variation in protein banding and nitrate reductase activity. All the
physiological parameters were high in the hybrids than their parents throughout the crop growth period.
Among the hybrids ADTRH 1, recorded higher chlorophyll content, soluble protein and Nitrate Reductase
activity. The study on protein proﬁling showed diﬀerences in protein banding new protein bands between
the parents and hybrids, while new bands of 90 kDa, 60kDa, 50kDa and 45kDa were present in the hybrids.
Finally, the study revealed that ADTRH 1 performed better than CoRH 2.
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Introduction
In India hybrid rice has progressed from an
experiment to becoming a major source of rice
production. The evolution of hybrid rice technology
has generated high hopes in rice growing regions of
Tamil Nadu for meeting the food demands of the
ever growing population. It is generally felt that a
yield plateau has been reached in conventional rice
varieties and any further increase in the productivity
of rice from current level could be achieved only
through hybrid technology. India is yet to fully
exploit the technology which oﬀers a 10-15 per
cent yield advantage over the best conventional
inbred varieties [1]. Heterosis for grain yield is
the outcome of several physiological as well as
biochemical characters which have been relatively
less investigated though their contribution is certain.
Three major physiological traits that are always co-
related with grain yield in hybrid rice are pigment
composition, protein contents and enzyme activities
like nitrate reductase activity. Chlorophyll contents
gain importance because the net photosynthetic rate
(Pn) of a rice cultivar was always correlated with the
chlorophyll content of leaves [2]. Another important
factor which inﬂuences the grain yield in rice is
the protein content, as the leaf's soluble protein
was the important material basis for rice's response
to diﬀerent concentrations of nitrogen [3]. Soluble
protein content had important reference value for
evaluating rice's nitrogen utilization eﬃciency which
in turn is positively related to grain yield [4]. The
diﬀerential protein expression between the hybrid
and its parents will be important for us to understand
the possible molecular mechanisms for heterosis.
To gain a better understanding of the molecular
mechanisms for heterosis, proteomics serves as a
powerful research tool. Again nitrate and ammonium
are two major nitrogen sources for higher plants.
The absorbed nitrate can then either be reduced by
nitrate reductase (NR), a cytosolic enzyme, in the
root, or transported to the shoot for assimilation,
which contributes for grain yield. Importance of
studying physiological traits has not been explored
fully. However, traits like TDMP [5] in hybrid rice
and water uptake were attempted [6,7]. Hence, the
present experiment was designed to study the rice
heterosis for chlorophyll content, soluble protein,
with special attention to variations in the protein
proﬁles, and nitrate reductase of important hybrids
(CoRH 2 and ADTRH 1) of Tamil Nadu.
Materials and Methods
Location and Entries
The experiment was carried out at Tamil Nadu
Agricultural University (TNAU), Coimbatore. The
seeds of the parents (IR 58025 A X C 20R; IR 58025
A X IR 66R) and hybrids (CoRH 2 and ADTRH 1) were
sown in June and harvested by September. The trial
plot size was of 12m2. The experiment was laid out in
Randamized Block Design with ﬁve replications and
conducted during the kharif season under irrigated
condition. Duplicate samples from ﬁve replications
of both hybrids and parents were analysed for all
2biochemical parameters at critical growth stages i.e.
vegetative, ﬂowering and maturity. The data were
analysed statistically by ﬁnding out the Variety and
Stage interaction eﬀect using Systat for Windows
version 6 as per the method of Wilkinson et al.
[8]. Signiﬁcance between diﬀerent cultivars was
compared at 0.05 probability levels using student t
test.
Chlorophyll content
Measurements on Chlorophyll 'a', 'b' and total were
made by following the protocol of Yoshida et al. [9].
About 0.1g of leaf samples was used for estimation
of chlorophyll contents.
Soluble protein content:
The soluble protein content of the leaves was
determined by measuring the color developed by
the reduction of Folin-Ciocalteau reagent by the
amino acids like tyrosine and tryptophan of protein,
following the method of Lowry et al. [10] and
expressed in mg g -1 FW.
Nitrate reductase
Nitrate reductase was determined as per the method
of Hageman, [11]. The analysis was carried out using
the physiologically matured leaf (Third leaf from top)
and the activity was expressed as µ moles of NO2 g -1
hr -1 FW. The standard heterotic value was calculated
over the mid parent using the formula, Heterotic
value = F1- Mid parental value.
Protein proﬁling
Protein Extraction
For SDS-PAGE, leaf sheath tissues of both the parents
and hybrids were ground to powder under liquid
nitrogen and melted in ice-cold extraction buﬀer
[50 mMTris-HCl, pH 8, 10 mMNaCl, 1% SDS, 5%
2- mercaptoethanol, 0.1 mM PMSF, 0.1 mM DTT],
followed by centrifugation at 10,000 x g at 4o C for
15 min. Protein content of the clear supernatants
obtained after centrifugation were determined using
a Protein Assay Kit (Bio-Rad, Hercules, CA, USA) with
BSA as the standard. Extracts were stored at -20o C.
The amount of protein was determined according to
the method of Bradford [12].
One-Dimensional SDS-PAGE
Proteins, 5¼g of each sample, were separated by
SDS-PAGE according to the method of Laemmli19.
The separation was performed with a 10% separating
gel and a 4% stacking gel using PROTEAN II Multi
Cell (Bio-Rad). Electrophoresis was started at 10
mA constant current until the tracking dye entered
the separating gel and continued at 25 mA until
the tracking dye reached the end of the gel. After
electrophoresis, the gel was stained with silver
nitrate, according to the method of Damerval et al.
[13]. Relative molecular weight (MW) of each protein
was determined by using a standard curve generated
from the standard proteins.
Results and Discussion
The chlorophyll content was high in the hybrids
(ADTRH1 and CoRH2) than their parents throughout
the crop growth period (Table 1). Between the
hybrids, ADTRH1 showed very high chlorophyll
content from vegetative to grain ﬁlling stage. The
soluble protein content and nitrate reductase activity
were also higher in hybrids. The protein proﬁling
of both the parents and hybrids revealed that the
hybrids exhibited new bands compared to parents.
The hybrid ADTRH 1 showed better performance
than CoRH 2 (Fig 1).
Parents/
Hybrids
Vegetat ive stage Flowering Stage Maturity Stage
Total
Chlorophyll
Soluble
protein
NRase
act ivity
Total
Chlorophyll
Soluble
protein
NRase
act ivity
Total
Chlorophyll
Soluble
protein
NRase
act ivity
C20R 1.16± 0.122 7.37± 0.14 37.61± 1.03 1.13± 0.118 7.92± 0.35 40.51± 1.21 0.89± 0.147 7.01± 0.15 39.71± 1.23
IR
58025 A 1.19± 0.104 7.02± 0.53 40.06± 0.96 1.15± 0.156 7.41± 0.52 41.30± 1.03 1.06± 0.162 7.13± 0.22 40.74± 1.52
CoRH2 1.21± 0.165 7.37± 0.45 41.95± 1.11 1.20± 0.185 8.97± 0.44 47.58± 1.41 1.23± 0.131 7.96± 0.65 43.92± 1.69
Heterot ic
value
(%)
3.150 2.410 8.00 5.120 17.060 16.300 25.490 12.570 9.170
SEd 0.005 0.062 0.036 0.010 0.072 0.037 0.005 0.108 0.061
CD
(0.005) 0.011 0.131 0.075 0.016 0.141 0.076 0.012 0.227 0.097
Table 1Chlorophyll content (mg g-1) soluble protein (mg g-1) and NRase activity (µ moles NO2 g
-1 h-1) of CoRH2 and its parents
3Figure 1Standard Heterosis for biochemical parameters in hybrid rice
CoRH2 and ADTRH 1
Among the hybrids, ADTRH 1 showed more
chlorophyll content than CoRH2 at all the
phenophases. In ADTRH 1 the chlorophyll contents
were 2.37 mg/g; 2.30 mg/g and 2.27 mg/g
during the vegetative, ﬂowering and maturity
stages respectively. While, in CoRH2 the chlorophyll
contents were lesser compared to ADTRH 1
recording values of 1.21 mg/g; 1.20 mg/g and 1.23
mg/g at vegetative, ﬂowering and maturity stages
respectively. (Table 2). The chlorophyll content of the
hybrids was found to be heterotic in various stages.
This may be explained by the fact that, chlorophyll
was an indicator of source size establishing a positive
association with yield. Variation in chlorophyll
content in rice was studied by Janoria et al. [14].
The Chlorophyll heterosis had been demonstrated
in several studies by several authors [15,16,17]. The
higher the chlorophyll content of leaves, they are
likely to have high photosynthetic potential and thus
higher yield potential [14,18,19].
Parents/
Hybrids
Vegetat ive stage Flowering Stage Maturity Stage
Total
Chlorophyll
Soluble
protein
NRase
act ivity
Total
Chlorophyll
Soluble
protein
NRase
act ivity
Total
Chlorophyll
Soluble
protein
NRase
act ivity
C20R 1.95± 0.111 4.90± 0.23 32.0± 1.07 2.13± 0.122 4.67± 0.25 45.30± 1.22 1.21± 0.211 7.10± 0.62 44.0± 1.51
IR
58025 A 0.95± 0.121 5.60± 0.35 42.7± 1.33 0.45± 0.134 6.53± 0.33 57.00± 1.35 1.38± 0.185 7.30± 0.58 53.3± 1.38
CoRH2 2.37± 0.132 7.30± 0.52 46.7± 1.08 2.30± 0.143 7.77± 0.59 65.00± 1.14 2.27± 0.173 7.90± 0.39 65.3± 1.46
Heterot ic
value
(%)
63.56 39.05 25.03 78.29 38.75 25.58 75.96 9.72 34.22
SEd 0.004 0.063 0.035 0.005 0.074 0.037 0.009 0.110 0.059
CD
(0.005) 0.019 0.129 0.075 0.013 0.140 0.074 0.017 0.221 0.096
Table 2 Chlorophyll content (mg g-1) soluble protein (mg g-1) and NRase activity (µ moles NO2 g-1 h-1) of ADTRH1 and its parents
About 50 percentage of the soluble protein in
leaf extract is accounted for RUBPcase [20]. Hence,
soluble protein content of leaves can be taken as a
measure of RUBPcase activity. The hybrids recorded
a higher content of soluble protein than the parents
at all phenophases. The hybrid, CoRH2 recorded
4.7%; 11.73 to 17.42%; 10.42 to 11.9% increase
in protein contents at vegetative, ﬂowering and
maturity phases over the parents. Similar trend was
also observed in the hybrid ADTRH 1 which recorded
an increased protein content of 23.28 to 32.87%;
15.95 to 39.89%; 7.59 to 10.13% at vegetative,
ﬂowering and maturity phases respectively over
the parents. The positive heterosis showed by two
hybrids at all stages suggests that high yielders
have high levels of photosynthetic enzymes [20,21].
Measurement of soluble protein content might help
in screening F1 hybrids for higher photosynthetic
activity. Higher levels of favorable enzymes with
higher activity per unit of soluble protein than the
quantity itself for the various biochemical events
inﬂuenced the yield of heterotic hybrids [22]. Similar
ﬁndings are also reported in hybrid cotton [17].
The heterosis for nitrate reductase activity was
shown by ADTRH1 and CoRH2 at three diﬀerent
stages. Hageman et al. [23] provided evidence for
enzyme heterosis. The enzyme activity was found
to increase from seedling to ﬂowering stage with
a gradual decline at maturity in both the hybrids
and the parents. ADTRH 1 recorded higher enzymes
activities at all phenophases namely vegetative,
ﬂowering and maturity respectively (46.70 µ moles
of NO2 g-1 hr -1; 65.0 µ moles of NO2 g -1 hr -1; 65.30
µ moles of NO2 g -1 h r -1) compared to CoRH2 (41.95
µ moles of NO2 g -1 hr -1; 47.58 µ moles of NO2 g -1
hr -1; 43.92 µ moles of NO2 g-1 hr-1). Similar results
were reported in rice [24,25]. Nitrate reductase
activity exhibited some heterosis in hybrids involving
lower or medium nitrate reductase activity in parents
[26]. The authors showed that nitrate reductase
produces an optium level of reduced leaf nitrogen
that is responsible for enhanced eﬃciency of the
4photosynthetic system in hybrids and in turn their
productivity and yield. Sun et al. [27] has opined
that there is a relationship between nitrate reductase
activity and yield characters of hybrid rice during
growth and development.
In an attempt to understand the molecular basis
of heterosis, proteomics of SDS PAGE was used to
identify the diﬀerence in protein banding of both the
hybrids (CoRH2 and ADTRH1) and their parents (IR
58025 A X C 20R; IR 58025 A X IR 66R respectively).
Detection of proteins was done by comparing
patterns of parents and hybrids. Proteins were
extracted from 21-day-old rice seedlings. Comparing
the protein proﬁles in the leaf sheaths of parents and
hybrids using SDS-PAGE revealed signiﬁcant changes
in the protein bands indicating changes at genotypic
level. Some new protein bands appeared in both
the hybrid plants when compared to the parents.
New protein bands of the 90 kDa, 60 kDa and 50
kDa protein bands were found in leaf sheaths of
ADTRH1 which were not present in their parental
lines (IR 58025 A and IR 66R). Similarly, the hybrid,
CoRH2 exhibited newer protein bands at 60kDa and
40kDa which were absent in its parental line (IR
58025 A and C 20R). (Fig 2). Furthermore, there
was an enhanced expression of all other protein
bands in the hybrids compared to parents. These
results revealed that these proteins were expressed
in speciﬁc genotypes. Similar results have been
reported in rice [28] where the authors conclude that
the proteins involved in photosynthesis, glycolysis,
and disease/defense as well as their dynamic
regulation at diﬀerent developmental stages may be
responsible for heterosis in rice. Similarly, it has been
demonstrated that wheat hybridization can cause
protein expression diﬀerences between the hybrid
and its parents and these diﬀerentially expressed
proteins were involved in diverse physiological
processes that might be responsible for heterosis
[29].
Fig 2 SDS-PAGE Proﬁles of polypeptides extracted from the leaf sheath
of the hybrids and their parents (CoRH2 and ADTRH 1)
Conclusion
Heterosis is a common phenomenon in which the
hybrids exhibit superior agronomic performance
than either inbred parental lines. Although hybrid
rice is one of the most successful apotheoses
in crops utilizing heterosis, the physiological and
molecular mechanisms underlying rice heterosis
remain elusive. The results in this study suggest
that the dynamic regulation of the important
physiological processes at diﬀerent developmental
stages, such as chlorophyll contents, soluble proteins
and nitrate reductase activity, may be one of
mechanisms underlying heterosis in rice. The
synthesis of new proteins expressed in the form of
new protein bands in the hybrids may contribute to
hybrid vigor in rice. The results in this study also
clearly suggest that the performance of hybrid vigor
was dependent on diﬀerent development stages in
rice.
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